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DOWNHOLE ELECTRICAL SUBMERSIBLE
POWER GENERATOR

CROSS-REFERENCE TO RELATED
APPLICATTONS

This application claims priority, pursuant to 35 U.S.C. §
119(e), of U.S. Provisional Patent Application No. 60/487,
494 filed Jul. 15, 2003. That Application 1s mncorporated by

reference 1n 1ts entirety.

BACKGROUND OF INVENTION

Electrical power 1s an 1important commodity in nearly all
aspects of life. One such area where electrical power 1s
important 1s in the hydrocarbon production arena. In par-
ficular, a number of large machines used 1n hydrocarbon
production (pumps, etc.) require large amounts of electrical
power. In many situations 1t 1s advantageous to be able to
provide power locally, rather than having to lay power lines
over vast distances. In particular, having to lay power lines
may be problematic when the platform i1s offshore. As
hydrocarbon production facilities move further and further
away from land, this problem continues to grow 1n 1mpor-
tance.

In addition, equipment used in the wellbore often requires
a downhole electric power source for various operations. For
example, a power source 1s required to operate circuits and
instruments that measure the production capabilities of a
well. In the prior art, batteries are typically used to provide
the necessary power 1n a well.

However, a significant problem with the use of batteries
as a power supply in a downhole environment 1s their limited
life expectancy. The expected life of a battery 1s typically
much shorter than 1n “standard” operating conditions due to
harsh environmental factors. For example, the maximum
temperature at which a battery performs reliably may be
200° C. Often, temperatures in the wellbore exceed this
temperature. Further, caustic chemicals and fluids can cause
carly battery failure, causing delays and additional expense.

If a battery required by the downhole power source for the
downhole 1nstrument fails prior to the completion of testing,
the testing string must be pulled back to the surface and the
battery replaced or valuable rig time may be wasted on
testing with no recorded data. This procedure causes an
interruption in the collection of data as well as delay and
further expense.

In addition, batteries can only provide a limited amount of
power even when fully charged. This limits the use of
circuits requiring higher power 1in a downhole environment.

For example, one operation which 1s often performed
during the course of producing an o1l or gas well 1s to lower
a testing string into the wellbore to test the production
capabilities of hydrocarbon producing underground forma-
tions intersected by the well. Testing 1s typically accom-
plished by lowering a string 1nto the wellbore with an
1solation packer attached to the string at 1ts lower end. Once
the test string 1s lowered to the desired final position, the
1solation packer 1s set to seal off the annulus between the test
string and the wellbore or casing, and small amounts of
hydrocarbons are allowed to enter the test string. Measure-
ments of pressure and temperature are then taken by trans-
ducers within the string, and the data 1s either stored 1n a
memory, such as a random access memory (RAM) chip,
within the testing circuit or transmitted to the surface.
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Depending on the data required for well test objectives,
testing may last anywhere from one day to two weeks.

In another example, some production operations require
the use of an electrical submersible pump (ESP). The ESP
pumps downhole liquids and/or gases. The ESP requires a
power source to operate. The ESP may receive power
through an umbilical power cable connected to a surface
power source. The amount of power provided by the umbili-
cal power cable may be limited.

Accordingly, a need has arisen 1n the industry for a
method and apparatus to extend the life of a downhole power
source and/or increase the amount of power output from a
downhole power source.

This disclosure incorporates by reference U.S. Pat. No.
5,149,984 and U.S. Pat. No. 5,965,964. In U.S. Pat. No.

5,149,984, a downhole electrical power supply apparatus
uses a high fluid pressure source, such as a nitrogen cham-
ber, to power a gas turbine. The rotational mechanical output
of the gas turbine 1s converted to electrical power. The
nitrogen chamber has a finite capacity with which to provide
a high fluid pressure source to the gas turbine.

In U.S. Pat. No. 5,965,964, a piston 1s slidably attached to
a sleeve and oscillates relative to the sleeve and a housing.
The oscillation of the piston causes the oscillation of mag-
nets relative to a wire coil section that generates electric
power. Application of fluid pressure provided by drilling

fluids during a drilling operation causes the piston to oscil-
late.

The above described current generator 1s available only
during drilling operations. Accordingly, a method and appa-
ratus for a downhole power source that 1s available during
production and does not have a limited source of power 1s
needed.

SUMMARY OF INVENTION

According to one aspect of one or more embodiments of
the present invention, the present invention relates to a
downhole submersible electrical power generator including
a housing forming a fluid conduit; an inlet disposed on the
housing; an outlet disposed on the housing, wherein the mlet
and the outlet are adapted to allow a fluid to flow 1nto and
out of the housing, respectively, and wherein the fluid tlows
through the fluid conduit dependent on a naturally occurring
hydraulic pressure differential; a fluid flow powered electri-
cal power generator disposed inside the housing such that
the tluid tlow powered electrical power generator 1s adapted
to generate electrical power from the fluid flowing 1nto and
out of the housing; and at least one 1solation packer disposed
outside the housing between the 1nlet and the outlet, wherein
the at least one 1solation packer 1s adapted to 1solate the 1nlet
and the outlet 1n different zones 1n a well.

According to one aspect of one or more embodiments of
the present invention, the present invention relates to a
method for generating electrical power using a downhole
submersible electrical power generator including 1solating a
first wellbore zone from a second wellbore zone, wherein the
first wellbore zone 1s at a higher hydraulic pressure than the
second wellbore zone; flowing a fluid from the first wellbore
zone to the second wellbore zone; and generating electrical
power dependent on the flowing.

Other aspects and advantages of the invention will be
apparent from the following description and the appended
claims.
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BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1llustrates a schematic of an offshore o1l or gas
production platform operating a downhole submersible elec-
trical power generator 1in accordance with an embodiment of
the present invention.

FIG. 2 1llustrates a schematic of a downhole submersible
clectrical power generator in accordance with an embodi-
ment of the present invention.

FIG. 3 1llustrates a schematic of a downhole submersible
clectrical power generator using a rotor, shaft, and an
alternator section in accordance with an embodiment of the
present invention.

FIG. 4 illustrates a cross-sectional view of a positive
displacement, fluid flow powered electrical power generator
in accordance with an embodiment of the present invention.

FIG. 5 1llustrates a Prior Art power generator.

DETAILED DESCRIPTION

In the following detailed description of the invention,
numerous specific details are set forth 1n order to provide a
more thorough understanding of the mvention. However, 1t
will be apparent to one of ordinary skill in the art that the
invention may be practiced without these specific details. In
other 1nstances, well-known {features have not been
described 1n detail to avoid obscuring the invention.

In one aspect, the present mvention relates to a method
and apparatus for providing large amounts of electrical
power that involve a downhole submersible electrical power
generator. Embodiments of the present invention may be
used to provide ¥2 Megwatt of power or more to local
equipment on a rig site, or may be connected to a power grid,
where the energy may be sold for a profit.

In particular, embodiments of the present invention may
find particular utility in applications in the Gulf of Mexico,
where a number of “watered out” wells exist. As used herein,
“watered out” wells refer to wells which have been previ-
ously drilled, but now produce more water than o1l or gas.
Incorporation of the present invention into such wells may
allow for the previously drilled wells (which may or may not
be abandoned) to be used as mini “power stations.” In
particular, embodiments of the present invention may be
used 1n any situation where a fluid pressure differential
eX1sts.

The above paragraphs provide exemplary descriptions of
the usefulness of the present mnvention and are not intended
to restrict the scope of the present invention 1in any way.

Embodiments of the present invention relate to a down-
hole submersible electrical power generator that includes a
fluid flow powered electrical power generator disposed 1n a
housing. The housing forms a fluid conduit and includes at
least one inlet and at least one outlet. As arranged, fluid
flows from the inlet, through the housing, to the outlet. In a
preferred embodiment, fluid flows 1n dependence on a
naturally occurring hydraulic pressure differential. The flow
of the fluid powers the fluid flow powered electrical power
generator, which may supply power to an apparatus.

FIG. 1 1llustrates a schematic of an exemplary offshore o1l
or gas production platform operating a downhole submers-
ible electrical power generator (136) in accordance with an
embodiment of the present mmvention. The downhole sub-
mersible electrical power generator (136) of the present
invention may be used with a completion string (30), which
is inserted into a wellbore (40), on an offshore rig. The
downhole submersible electrical power generator (136) may
also be incorporated into a probe that 1s inserted in the
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4

completion string (30), used with conventional offshore rigs.
The downhole submersible electrical power generator (136)
may be used as a stand-alone power supply for offshore
and/or onshore operations. In addition, the downhole sub-
mersible electrical power generator (136) may be used in
any number of well service operations, including formation
testing.

FIG. 2 illustrates a schematic of an exemplary downhole
submersible electrical power generator (136) in accordance
with an embodiment of the present invention. In one
embodiment, the downhole submersible electrical power
generator (136) 1s shown disposed in a wellbore (40). The
wellbore (40) may be cased such that the walls of the
wellbore (40) are supported by a hardened structure, e.g.,
steel and concrete. Furthermore, fluid permeable material
may also be used between the casing and a formation
exterior of the wellbore (40), e.g., gravel. Alternatively, the
wellbore (40) may be unlined.

The downhole submersible electrical power generator

(136) includes an inlet (142) and an outlet (140) disposed on
a housing (141). The housing (141) forms a fluid conduit. A
fluid 1s able to flow from the inlet (142) to the outlet (140)
through the housing (141). A fluid flow powered electrical
power generator (180) is disposed inside the housing (141).
The fluid flow powered electrical power generator (180) is
adapted to generate electrical power from the fluid flowing,
into and out of the housing (141). In this embodiment, the
fluid flows through the housing (141) dependent on a
naturally occurring hydraulic pressure differential.

As will be apparent to one of ordinary skill, a naturally
occurring hydraulic pressure differential may occur from
strata at different depths below a surface of the earth. For
example, a naturally occurring hydraulic pressure differen-
tial may occur by locating a first perforation (112) in a
wellbore (40) at a greater depth than a second perforation
(110). Accordingly, a fluid from the first perforation (112)
has a tendency to flow to the second perforation (110). The
fluid may include, for example, water.

In this embodiment, the downhole submersible electrical
power generator (136) includes at least one isolation packer
(152) disposed outside the housing (141) between the inlet
(142) and the outlet (140). The at least one 1solation packer
(152) is adapted to isolate the inlet (142) and the outlet (140)

in different zones in the wellbore (40).

For example, in the embodiment shown, the at least one
isolation packer (152) separates a first zone (182) of the
wellbore (40) from a second zone (181) of the wellbore (40).
The first zone (182) 1s deeper than the second zone (181) in
the wellbore (40). Accordingly, first zone (182) may have a
higher hydraulic pressure than the second zone (181).

Additional 1solations packers may be used in accordance
with an embodiment of the present invention. For example,
isolation packer (154) may isolate the housing (141) from an
abandoned zone (130). Also, isolation packer (150) may be
used 1n accordance with an embodiment of the present
invention to isolation the outlet (140) from a portion (107)

of the wellbore (40).

By way of example and with reference to FIG. 2, a fluid
may flow from the first perforation (112) along flow path
(901). The fluid enters the inlet (142) into the housing (141).
The fluid flow causes useful work in the fluid flow powered
electrical power generator (180). After the fluid has passed
through the fluid flow powered electrical power generator
(180), the fluid continues along flow path (903) to the outlet
(140). The fluid exits the outlet (140) to the second perfo-
ration (110).
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Additionally, the housing (141) may include a valve (160)
adapted to allow the fluid to flow from one portion of the
housing (141) to another portion of the housing (141). The
valve may divert some or all of the fluid from exiting the
outlet (140).

The fluid flow powered electrical power generator (180)
1s adapted to generate electrical power, which may be
transmitted via a power output cable (170) operatively
connected to the fluid flow powered electrical power gen-
erator (180). The power output cable (170) operatively
supplies power to an apparatus (201). The apparatus (201)
may include elements located onshore, offshore, or both.

One of ordinary skill in the art having benefit of this
disclosure understands that the inlet (142) and the outlet
(140) allow passage of a fluid in and out of the housing,
respectively. Accordingly, the inlet (142) and the outlet
(140) may include, but are not limited to, an opening, a valve
(205 and 203, respectively), a screen, a grating and/or a
porthole.

Three different exemplary embodiments are described
that may be included in the fluid flow powered electrical
power generator (180) to convert fluid flow into energy.
Specifically, the embodiments described include a rotor, a
positive displacement rotor, and a hydraulically powered
piston. Each of these embodiments may be operatively
connected to an alternator section that generates power. One
of ordinary skill in the art understands that an alternator
section typically includes an alternator rotor and an alter-
nator stator to generate electrical power. The rotor and
alternator rotor should not be confused as similar elements.
The positive displacement rotor may be used as the alter-
nator rotor where the positive displacement rotor provides a
means to convert hydraulic energy 1into mechanical energy.
Moreover, while the present disclosure discloses a limited
number of embodiments, one of ordinary skill will recognize
that a number of other structures would function 1n a similar
manner.

As noted above, a fluid flow powered electrical power
generator 1n accordance with an embodiment of the present
invention may comprise a rotor. FIG. 3 illustrates a sche-
matic of an exemplary downhole submersible electrical
power generator using a rotor (202), shaft (204), and an
alternator section (206) in accordance with an embodiment
of the present invention. Like numbered elements in FIG. 2
and FIG. 3 have similar functionality. The rotor (202) is
operatively connected to the shaft (204), which drives the
alternator section (206). A fluid may flow from the first
perforation (112) along flow path (902) through the housing
(141) to rotate the rotor (202). Rotation of the rotor (202) is
transmitted through the shaft (204) to the alternator section
(206).

One of ordinary skill 1in the art having benefit of this
disclosure understands that the rotor may have a variety of
different shapes and/or designs. A simple propeller blade
rotor may serve as an example. As the fluid flows across or
through the rotor (202), the shape of the rotor causes the flow
to be vectored from the fluid flow’s original flow path. The
vectored fluid flow exerts a force on the rotor (202). The
force, 1n turn, creates a rotational motion.

The rotational motion 1s transmitted through the shaft
(204) to an alternator section (206). One of ordinary skill in
the art understands that an alternator section may include an
alternator rotor and an alternator stator.

The alternator rotor may include magnets, while the
alternator stator may include coil wires. As the alternator
rotor rotates, magnets in the alternator rotor repeatedly cross
over coll wires located 1n the alternator stator. The move-
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6

ment of the magnets with respect to the coil wires creates a
changing magnetic flux across the coil wires. As a result, an
alternating current 1s generated within the coil wires. The
alternating current generated by the alternator section (206)
may be converted to DC current with an AC/DC converter,
if necessary.

As noted above, a fluid flow powered electrical power
generator may use a posifive displacement generator
(Moineau motor) to capture the energy from the flowing
fluid. FIG. 4 illustrates a cross-sectional view of an exem-
plary assembled positive displacement, tluid flow powered
clectrical power generator 1in accordance with an embodi-
ment of the present invention. A positive displacement, fluid
flow powered electrical power generator operates according
to a mechanical application of the Moineau principle,
wherein pressurized fluid 1s forced though helical channels
formed between a positive displacement rotor (210) and a
positive displacement stator (220) to generate rotational
motion of the positive displacement rotor (210). This rota-
fional motion may be converted, directly or indirectly, into
electrical power.

The positive displacement rotor (210) shown in FIG. 4
may be coupled either directly or indirectly to, for example,
an inlet (142) shown in FIG. 4. In this manner, the positive
displacement, fluid flow powered electrical power generator
produces electrical power directly from the tlow of fluid.
The positive displacement rotor (210) may include magnets,
while the positive displacement stator (220) may include
coil wires. As the positive displacement rotor (210) rotates,
magnets in the positive displacement rotor (210) repeatedly
cross over coll wires located 1n the positive displacement
stator (220). The movement of the magnets with respect to
the coil wires creates a changing magnetic flux across the
coll wires. As a result, an alternating current 1s generated
within the coil wires. The alternating current generated by
the positive displacement, fluid flow powered electrical
power generator may be converted to DC current with an
AC/DC converter, 1f necessary. In an alternate embodiment,
the positive displacement rotor (210) and the positive dis-
placement stator (220) do not include magnets or coil wires.
Instead, the positive displacement rotor (210) may be opera-
tively connected to a separate alternator section.

A rotational frequency and, for example, an amount of
torque generated by the rotation of the positive displacement
rotor (210) within the positive displacement stator (220)
may be selected by determining a number of lobes (222) on
the positive displacement rotor (210) and the positive dis-
placement stator (220), a major and minor diameter of the
positive displacement rotor (210) and the positive displace-
ment stator (220), and the like.

In one or more embodiments of the invention, a fluid flow
powered electrical power generator may use a turbine to
capture the energy from the flowing fluid. A turbine may
include one or more turbine rotors mounted on a shaft. A
turbine rotor 1s generally constructed with curved blades.
Pressurized fluid 1s forced between the curved blades of the
turbine rotor causing rotational motion of the turbine rotor.
As 1n other disclosed embodiments, the rotational motion
may be used to generate electrical power directly or 1ndi-
rectly. As 1s known 1n the art, the properties of the turbine
rotor (e.g., blade length, curvature, and quantity) may be
varied to generate power 1n a manner suitable to a particular
application.

Some embodiments of the invention may use a piston-like
mechanism for power generation. Any piston mechanism
that uses fluid flow to generate repetitive motions may be
coupled to magnet-coil assemblies to produce electric cur-
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rents. One example of these can be found 1n U.S. Pat. No.
5,965,964, which 1s incorporated herein 1n its entirety. A
power section (36) of an electrical power generator dis-
closed by the 964 Patent 1s shown in FIG. 5. The power
section (36) includes the housing (42), and the piston (48)
slidably disposed within sleeve (44) and housing (42).

Advantages of the present invention may include one or
more of the following. In one or more embodiments, fluid
flow 1s converted into mechanical energy using embodi-
ments that include a rotor, a positive displacement, fluid flow
powered celectrical power generator, or a piston. The
mechanical energy 1s converted 1nto electrical power by an
alternator section. The fluid flow may be dependent on any
naturally occurring fluid flow, including a fluid flow caused
by a hydraulic pressure differential. Accordingly, the elec-
trical power 1s readily available and may not require an
external energy source (e.g., combustible fuel, pressurized
gas, operations from a pump or drilling rig, etc.).

In one or more embodiments, a current generated by an
alternator section may be stored 1n a battery or used to
supplement the power of batteries in a downhole power
source. The additional current generated by the alternator
section can increase the power output to operate circuits
requiring higher power. By supplementing the electrical
power provided by the downhole battery, the present inven-
tion enables the use of circuits, sensors, nstruments on
control valves, etc., requiring higher power than what could
previously be provided by downhole batteries.

In one or more embodiments, the current generated by an
alternator section may be used to temporarily replace a
battery as a downhole power source. By allowing less use of
the battery, the present invention increases the life of down-
hole batteries. In addition, the mvention may be used to
recharge rechargeable downhole batteries.

In one or more embodiments, the alternator section has an
eficient design which may be implemented without much
COsL.

In one or more embodiments, the downhole submersible
clectrical power generator has no battery imposed tempera-
ture limitations and thus i1t may be used 1 environments
having increased operating temperatures.

Advantageously, embodiments of the present invention
provide a power generator capable of producing electricity
on the order of 2 megawatt. Accordingly, embodiments of
the present mnvention disclose a method and apparatus for
supplying power to sea floor mounted pumps that would
pump o1l and water 1nto a pipeline. Further, embodiments of
the present 1nvention can generate power from geo-pres-
sured reservoirs that no longer produce oil but have
“watered out” or now produce water at 95% to 99% and a
small amount of oil. These wells can still be valuable as
energy sources or minl hydro-electric plants.

Moreover, 1t should be noted that the “drive fluid” can be
water, oil, gas, or a combination. Any fluid can drive the
wheel as long as a pressure differential exists.

While the invention has been described with respect to a
limited number of embodiments, those skilled 1n the art,
having benefit of this disclosure, will appreciate that other
embodiments can be devised which do not depart from the
scope of the invention as disclosed herein. Accordingly, the
scope of the mvention should be limited only by the attached
claims.

What 1s claimed 1s:

1. A downhole submersible electrical power generator,
comprising:

a housing forming a fluid conduit;

an 1nlet disposed on the housing;
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an outlet disposed on the housing, wherein the inlet and
the outlet are adapted to allow a fluid to flow 1nto and
out of the housing, respectively;

a fluid flow powered electrical power generator disposed
inside the housing and adapted to generate electrical
power from the fluid flowing through the housing;

a first 1solation packer disposed outside the housing
between the inlet and the outlet, wherein the first

1solation packer 1s adapted to i1solate the inlet and the
outlet 1n different zones 1n a wellbore; and

a second 1solation packer disposed outside the housing,
wherein the second 1solation packer 1s adapted to
1solate the outlet from a portion of the well,

wherein the 1nlet 1s disposed 1n a first zone, wherein the
outlet 1s disposed 1n a second zone, and wherein the
first zone 1s at a greater depth than the second zone.

2. The downhole submersible electrical power generator
of claim 1, wherein the fluid flows through the fluid conduit
dependent on a naturally occurring hydraulic pressure dif-
ferential.

3. The downhole submersible electrical power generator
of claam 1, wherein the fluid comprises water.

4. The downhole submersible electrical power generator
of claam 1, wherein the fluid flow powered electrical gen-
erator comprises a rotor.

5. The downhole submersible electrical power generator
of claim 1, wheremn the fluid flow powered electrical gen-
crator comprises a piston.

6. The downhole submersible electrical power generator
of claam 1, wherein the fluid flow powered electrical gen-
erator comprises a positive displacement rotor.

7. The downhole submersible electrical power generator
of claim 1, wherein the fluid flow powered electrical gen-
erator comprises a turbine rotor.

8. The downhole submersible electrical power generator
of claam 1, wherein the fluid flow powered electrical gen-
erator comprises an alternator section.

9. The downhole submersible electrical power generator
of claim 1, further comprising:

a power output cable operatively connected to the fluid
flow powered electrical power generator, wherein the
power output cable operatively supplies power to an
apparatus.

10. The downhole submersible electrical power generator
of claim 9, wherein the apparatus comprises elements
located onshore.

11. The downhole submersible electrical power generator
of claim 1, wherein the wellbore 1s cased, and wherein the
at least one 1solation packer 1s adapted to form a seal with
the cased wellbore.

12. The downhole submersible electrical power generator
of claim 1, wherein the inlet comprises a valve.

13. The downhole submersible electrical power generator
of claim 1, wherein the outlet comprises a valve.

14. The downhole submersible electrical power generator
of claim 1, wherein the housing comprises a valve adapted
to allow the fluid to flow from one portion of the housing to
another portion of the housing.

15. A method for generating electrical power using a
downhole submersible electrical power generator, compris-
ng:

disposing the downhole submersible electrical power gen-

erator 1n a borehole;

1solating a first wellbore zone from a second wellbore
zone using an 1solation packer disposed outside the
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downhole submersible electrical power generator,
wherein the first wellbore zone 1s at a higher hydraulic
pressure than the second wellbore zone, wherein the
first wellbore zone comprises a first perforation and the
second wellbore zone comprises a second perforation;
flowing a fluid from the first wellbore zone to the second
wellbore zone through a fluid path included in the
downhole submersible electrical power generator; and
generating electrical power dependent on the flowing,

wherein the first wellbore zone 1s at a greater depth than 10

the second wellbore zone.
16. The method for generating electrical power of claim
15, further comprising:
transmitting the electrical power to an apparatus.
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17. The method for generating electrical power of claim
16, wherein the transmitting 1s to an onshore location.

18. The method for generating electrical power of claim
15, wherein the fluid comprises water.

19. The method for generating electrical power of claim
15, wherein the first welibore zone 1s at a greater depth than
the second wellbore zone.

20. The method for generating electrical power of claim
15, wheremn the generating comprises using an alternator
section.

21. The method for generating electrical power of claim
15, wherein the generating 1s dependent on rotating a rotor.
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